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Figure I.1: Shape Memory Effect. If mechanical load is applied to the material in the state of 
twinned martensite (at low temperature) it is possible to detwin the martensite. Upon 
releasing of the load, the material remains deformed. A subsequent heating of the material 
to a temperature above A0f will result in reverse phase transformation (martensite to 
austenite) and will lead to complete shape recovery. 
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Figure I.2: Stress-Strain curve pseudo elastic NiTi: this curve stress-strain shows the 
superelasticity, due to the transformation from the austenite phase to the martensite by the 
action of a stress. The distance AB represents the elastic deformation of the austenitic phase. 
The point B corresponds to the stress required to induce the transformation to the 
martensitic phase. At point C the transformation is complete. When the conversion is 
completed, the martensitic structure continues to deform in an elastic way if stressed, as is 
represented by the segment CD (orthodontic arches are almost never stressed up to this 
point). In point D reaches the yield strength of the martensitic form and the material begins 
to deform plastically until rupture occurs at point E. If the solicitation is suspended before 
reaching the point D (as in point C ' in the diagram), the elastic curve of discharge takes 
place along the line C'-F. At this point begins the reverse transformation to austenite, which 
continues to point G, where the austenitic structure is completely restored. GH represents 
the discharge curve of the austenitic phase. A small portion of the overall stress is not 
recovered because of the irreversible changes that occur during the loading and unloading. 
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Figure I.3: Example of aesthetic orthodontic wires on ceramic brackets.
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Table I.1: Research strategy and results. 
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Table I.2: Aesthetic orthodontic archwires. 
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Technical surface Ideal surface 
Real surface 
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Figure II.1: Surface roughness. 
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Figure II.2: Average Roughness. 
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Figure II.3: Friction force. Fp weight force; F⊥ perpendicular component of Fp; F// parallel 
component of Fp; Fr friction.  
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Table II.1: Physical, mechanical and biological factors that affect friction (Kusy and Whitley, 1997). 
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Figure II.4: Binding. 
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Figure II.5: Notching pattern (Articolo et al., 2000). 
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Figure III.1: SPM family tree. 
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Figure III.2: Atomic force microscope (AFM) diagram of operation: The AFM 
consists of a cantilever, the end of which is fitted with a tip, typically composed of 
silicon or silicon nitride, which has a radius of curvature on the order of 
nanometers. Attraction and repulsion forces between the tip and the sample depend 
on Van der Waals forces, which cause a deflection of the cantilever (the elastic 
constant of which is known), in accordance with Hooke’s Law. The deflection is 
measured using a laser light reflected from the top of the micro-lever, which will be 
detected by a four-quadrant photodiode. A feedback loop adjusts the distance 
between the tip and the sample in order to keep the force acting between them 
constant, which in turn allows for perfect scanning of all the surface asperities. The 
sample is placed on a piezo-electric tube that can move it perpendicularly (z 
direction) to maintain a constant force in the plane (x and y directions) to analyze 
the surface. The resulting map (x, y) represents the topography of the surface 
sample.
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Figure III.3: SEM layout. The SEM uses a beam 
of high energy electrons generated by an electron 
gun, processed by magnetic lenses, focused at the 
specimen surface and systematically scanned 
(rastered) across the surface of a specimen. 
Unlike the light in a light microscope (LM), the 
electrons in a scanning electron microscope 
(SEM) never form a real image of the sample. 
The SEM image is in the form of a serial data 
stream i.e. it is an electronic image. It is a result 
of the beam probe illuminating the sample one 
point at a time in a rectangular scanning pattern 
(raster), with the strength of the signal generated 
from each point being a reflection of differences 
(e.g. topographical or compositional) in the 
sample. The screen is scanned in synchrony with 
the beam on the specimen in a one-to-one 
relationship between points on the specimen and 
points on the image viewing screen i.e. a point-
by-point translation. Increased magnification is 
produced by decreasing the size of the area 
scanned. 
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Figure III.4: UTM Instron. The specimen is fixed in special clamps for tensile testing, 
or is placed on plates for compression tests. Special devices are available for 
individual applications, such as bending tests and peel. If you require strain 
measurement, an optional extensometer is attached to the specimen.  
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Figure IV.1: Representative three-dimensional AFM topography images (15x15 μm) of the eight 
samples of orthodontic archwires: Stainless Steel (A), Beta-Titanium (B), Titanium Memory Esthetic 
(C), Titanium Memory ThermaTi Lite (D), Sentalloy High Aesthetic (E), Sentalloy (F), TMA (G), and 
Colored TMA (H).
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Figure IV.2: Representative AFM topography images (15x15 μm) of the eight samples of 
orthodontic archwires: Stainless Steel (A), Beta- Titanium (B), Titanium Memory Esthetic (C), 
Titanium Memory ThermaTi Lite (D), Sentalloy High Aesthetic (E), Sentalloy (F), TMA (G), and 
Colored TMA (H).
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Table IV.1: Ra, Rms and Mh of AFM topography images. 
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Table IV.2: P-values from statistical analysis of archwires roughness parameters (ANOVA with Tukey’s 
post hoc test). * (P<0.05), ** (P<0.01) and *(P<0.001) indicate significant statistically differences between 
the two archwires. 
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Figure V.1: Representative Time-Friction graphs for Sentalloy on metal brackets (left column) and ceramic brackets (right column), before (upper row) and after 
(lower row) the clinical use. In evidence the maximum peak. 
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Figure V.2: Representative Time-Friction graphs for Sentalloy High Aesthetic on metal brackets (left column) and ceramic brackets (right column), before (upper 
row) and after (lower row) the clinical use. In evidence the maximum peak. 
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Figure V.3: Representative Time-Friction graphs for Superelastic Titanium Memory Wire on metal brackets (left column) and ceramic brackets (right column), 
before (upper row) and after (lower row) the clinical use. In evidence the maximum peak. 
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Figure V.4: Representative Time-Friction graphs for Esthetic Superelastic Titanium Memory Wire on metal brackets (left column) and ceramic brackets (right 
column), before (upper row) and after (lower row) the clinical use. In evidence the maximum peak. 
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Figure V.5: Representative Time-Friction graphs for EverWhite on metal brackets (left column) and ceramic brackets (right column), before (upper row) and after 
(lower row) the clinical use. In evidence the maximum peak. 
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 Sentalloy
Figure V.6: Sentalloy SEM images at three magnifications x200, x500, x1000, before (left column) and 
after (right column) the clinical use. 
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Figure V.7: Sentalloy High Aesthetic SEM images at three magnifications x200, x500, x1000, before (left 
column) and after (right column) the clinical use. 
 Sentalloy High Aesthetic
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Figure V.8: Superelastic Titanium Memory Wire SEM images at three magnifications x200, x500, 
x1000, before (left column) and after (right column) the clinical use. 
 Superelastic Titanium Memory Wire
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Figure V.9: Esthetic Superelastic Titanium Memory Wire SEM images at three magnifications x200, 
x500, x1000, before (left column) and after (right column) the clinical use. 
 Esthetic Superelastic Titanium Memory Wire
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Figure V.10: EverWhite SEM images at three magnifications x200, x500, x1000, before (left column) 
and after (right column) the clinical use. 
 EverWhite
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Sentalloy 
 
Sentalloy High Aesthetic 
Figure V.11: Representative AFM images of Sentalloy and Sentalloy High Aesthetic before (left column) 
and after (right column) the clinical use. 
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Superelastic Titanium Memory Wire 
Esthetic Superelastic Titanium Memory Wire 
 
EverWhite 
Figure V.12: Representative AFM images of Superelastic Titanium Memory Wire, Esthetic Superelastic 
Titanium Memory Wire and EverWhite before (left column) and after (right column) the clinical use. 
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Table V.1: Roughness Average (Ra), Root Mean Square (Rms), and Maximum Height (Mh) values (mean±SD) of Atomic Force Microscope (AFM) images of 
orthodontic archwires before (As-received) and after (Retrieved) the clinical use. 
ns 
(not significant) 
*
 (P<0.05), 
**
 (P<0.01) and 
***
 (P<0.001) indicate significant 
statistically differences between As-received and Retrieved (Student’s t test for unpaired data). 
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Table V.2: P-values from statistical analysis of archwires roughness parameters (ANOVA with post hoc Tukey’s test). ns indicates not significant. * P<0.05; ** 
P<0.01; and *** P<0.001 indicate statistically significant differences between two archwires. 
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Table V.3: Friction (N) values (mean±SD) on metallic and ceramic brackets of orthodontic archwires before (As-received) and after (Retrieved) the clinical use. ns 
(not significant) * (P<0.05), ** (P<0.01) and *** (P<0.001) indicate significant statistically differences between As-received and Retrieved (Student’s T test for 
unpaired data). a (P<0.05), b (P<0.001), c (not significant) indicate significant statistically differences between ceramic brackets and metallic brackets (Student’s t-
test for paired data). 
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Table V.4: P-values from statistical analysis of archwires friction parameters (ANOVA with post hoc Tukey’s test): ns (not significant) * (P<0.05), ** (P<0.01) and *** 
(P<0.001) indicate significant statistically differences between the archwires on the two brackets typology. 
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